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Abstract L iquefaction is a canmon occurrence in seismic areas in theUn ited States and Chna, howev-

er these countries use differentm ethods to evahate the potentnl for liquefactbn This paper canpares he

standard-of practice and state of-the art analysis m ethods in both countries to detem mne the s ihrities and

differences Resulis are presented on method can patbility method disagreen ent and what can be learned

O f particular mportance is how the inflience of fines content and /or clay fraction is treated It is shown that

“ clean” sand triggerng cuwes are in general agream ent bew een the wo countries but when sandy soils con-

tain fines the use of clay fraction as a controlling variable is not recanmended because itm ay result n uncon-

sewvatve results The Standard Penetmation Test ( SPT) is routinely used in both countries and a d rect can-

parison ofm ethods can bem ade The Cone Penetration Test (CPT) canm only used in the United States has

recently found more w ilespread use n Chna The benefits of the CPT are discussed and illistrated 0 a lig-

uefaction case history recently reacquired from the 1976 T angshan Earthquake
Keyworms liquefactory fines content clay fractonnr probab ilitg SPT, CPT

CLC number P315.9

Seismic soil liquefaction & defned as earthquake n-
duced signifant strength loss in loose saturated granular
soils due to excess pore pressure generatbn and camplin en-
tary decrease n effective stress Liuefactbn can cause sig
nificant damage to nfrastructure during earhquakes and
m itigating this hazard is an ongoing effort n se#m ic areas
M itgatng liquefacton requires ndentifyng susceptble
soily evaluating the potentil for liquefacton triggerng, as
sessing the postliquefacton strength w ith respect to stress
conditbns quantifying lquefaction nduced debHm ations
( volun etric and shear), and m itigating or desgn ng aga nst
these defomations

Liquefacton triggerng is cammonly franed as cycle
resistance versus cyclic stress Cyclic resistance & often
m easured using a correlated n situ ndex test because sub-
surface sampling destoysm any of the soil properties that of

fer res Btance agamnst seisn ic waves Case histories of lique-
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facton (‘and non-liquefactbn) fran past earthquakes pro-
vile the basis for evaliating what cyclic stress cond itions
cause a soil to liguefy Cyclic stress if canm only quantified
1971) to
cane up with a dinensonless ratio called the cyclic stress
ratio (CSR ) that accounts for the level of giound shak ng

and the n situ stress cond itions The cyclic stress at which

using he smplified method ( Seed and Idriss

a soil fails in lquefactbn & the cyclic resistance rato
(CRR). Triggerng is most lkely to ocaur where CSR =
CRR as evaluated fron past case h Btories

Liquefacton triggering analyses are treated differently
n theU. S

countries use a sem i-an pirical correlation based on previous

and Chna First order s ihrities are that both

feld case h stories of liquefied and non-liquefied sites and
the general shape and curvature of the correlatons are sin i-
hr concave upwards starting at a CRR ( cyclic resistance
In theU. S

ratio) just below 0. 1 it is canm on to perfom
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Iquefaction triggerng analyses using the CPT ( cone pene-
tratbn test) because of the higher accuracy and precisbn o-
ver the SPT ( standard penetration test). However CPT e-
quipmeent is not w dely available n Chna and the SPT re-
m ains the standard n sit testing method for liquefaction as-
sesgn ent

In this paper canmon SPT methods n the U. S ad
Ch na are conpared to exanmne particular differences that
may provile insght towards the future of liquefacton engi-
neering n both countries The SPI' method of Cetin et al
(2004), Seed et al (1985) which & reprised n Youd et
al (2001), and Mdriss and Boulanger ( 2006) are con-
pared with Chen and Li(2006), Chen etal (2002), Chen
(1991), and the Chinese Buildng Code ( CNS
2001). These methods are chosen to represent detem n stic
and probab ilistic SPT — basedm ethod fran each cuntiy that
are frequently used for lijuefaction engneerng The state of
CPT methods n the U. S and China are also discussed
The CPT m ethods of R obertson and W ride ( 1998) which is
reprised m Youd et al (2001), and M oss et al (2006)
are respectively the standard— of~ practice and state— of—

et al

the— artm ethods currently used for perfom ng detem n stic
and probab ilistic analysis n heU. S A history of CPT' use
n Chna is presented and recammendations for fiture CPT
use are presented

For all the s ilarities n the methods theman d iffer-
ence is how fines or soil particles snaller than 0. 075 mm
n dianeter are treated In China the clay fracton or per
centage of particles finer than 0. 005 mm is assessed to de-
tem ne how the fnes mpact a particular soils ability to
generate excess pore pressures A version of the so called
“Ch nese Criteria” is used to screen malterials that are not
consilered liquefiable In the U. S. the fines content orper
centage of partcles finer than 0. 075 mm is used to deter
m ne a soils ability to genemte excess pore pressures The
“ Ch nese Criteria” was n common use n theU. S Hrm an-
y years but recentm ovem ent aw ay fran this and towands as
sessng the phsticity and n situ water content has been

shown to represent fiell case histores of liquefactbn m ore

accurately.

1 Comparison of SPT - Based “ Clean” Sand

Curves

Figure 1 shows a camparison of the SPT m ethods d &-
cussed in this paper These aurves are for® clean” sand e-
quivalent conditions where there are no appreciable ( <
Y% ) fnes present The curves are n agreament on the
general locaton of the boundary beween Iquefacton and
(2004)

non— lguefacton. Cetn et al B shown with a

probab ility of lquefaction of 15% whid is consdered the
equivalent of the deteministic thresholl Chen and Li
(2006) have a s ilar equialence at a probability of lig-
uefaction of 50% .
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Figure 1 Comparison ofU. S and Chinese “ clean

sand” lguefaction triggerihg curves Al curves
are shown nomalized to 1 amosphere efectve
ove tburden and mom entmagniude of7.5. The curves
representing the Chhese Building Code (CNS 2001)
have been transfbomed from critical blow counts
(N,,) b CRR boundary cuwves using a method
sinilar b Chen etal (2002)

The Chinese Building Code ( CNS 2001) & based on
wo levels of load ng ( bw demand and hgh demand) and
only specifies a critical bbw count (N ) below which lig-
uefaction & considered lkel. To campare the Chinese
Building Code (CNS2001) to the other liquefaction trigge-
ring cairrves theN_ needs to be transfom ed nto a relation-
shp betveen blow count (N, 4 the overburden and energy
corrected blow count) and cyclic resistance rato ( CRR).
Chen etal (2002) first presented this transfom atbn and
a sin ilar procedure & used here te only difference be ng
that the nonlinear shear mass participaton factor ( ;) fram
Cetn etal (2004) w as used to hold that variable constant
A's shown in Figure 1 the transformed Chinese Buil ng
Code specifications reasonably bound the threshold range
with he high and low demand curves In a detem mistic a-
nalysis one can take the range of hese curves as a broad
but definite boundary bew een where liquefaction is lkely
and liquefaction is unlkely W ithin the range between these
curves is where performance— based engineerng is most
useful for deteminng the lkelhood of liquefaction w ith re-
spect to the acceptable level of risk for a given pwject The

authors feel that Figure 1 den onstrates the convergence of
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lqquefaction triggerng analysis for“ clean” sand deposits be-
ween the wo countres The range over which the curves
differ isa fincton of the nuances of data collection data a-
nalysi curve fitting and nherent varid ility of the phe-
nam ena of liquefaction trggerng I that range analysis for
a particaular project should move past the triggerng assess
ment nto a perfom ance— based assesam ent of potental de-

formatons and the consequences of those debm ations

(Seed et al 2003).

2 Fines Influence on L iquefaction

Themamer nwhich fines can nflience a soil's ability
to generate excess pore pressures is a rather canplex physi-
cal process and there is same disagreanent n the literature
as to how best this should be quantified Generally there are
wo effects to account forwhen discussing feld— based Iqg-
uefacton triggerng 1) the influence of the fines on the
soil and 2) the nfluence of the fines on the penetratbn
test

Addng fines to a clean sand will resulis in he infilling
of the vod space up to the pointwhere the fines begin to
displace the sand grains and dam nate the soilmawrx Infill-
ng of the voul space n genemlresulis n decreased capacity
br excess pore pressure due to the reduced void volun e and
pore fliid available for contractive undraned response
W hen the sand grains are disp heed then he fines dom nate
the soilmatrix and the response to shear siress becanes fnes
dam nated. This d iscuss bn has neglected collo dal forces up
to this pont ©bcusing on non— plastic fines but the effect
of surface charges can have a great nflience on the overall
behavior of the soil Non— plastic fnes in a low density
state can behave in sand— lkemamer exhibiting contrac-
twe response to shear stresses with the propensity for excess
pore pressure generaton Plastic fines however will behave
n a clay— like manner exh biting a ksser propensity br ex-
cess pore pressure generatbn and will respond in a cohesive
mamner As fines are alded to a sandy soil the penetratbn
resistance w ill decrease due to decreased frictbn resistance
on of the penetratbn device F nesw il also have a lower
pem eability than clean sands lend ng to ncreased excess
pore pressures on the penetration device thereby resulting n
bwer effective stresses and lower penetratbn resistance
Both of these effects of fines (on he ntewranular soilme-
chanics and on penetratbn resistance) are canm ngled n a
feld- based lquefaction triggerng assessment and are diffi-
cult if not mpossible to sepamte

Regardless of the physical cause and the canm ngled
results it has been observed thatwith an ncrease n fnes

there is g systam atic . decrease in_thecyclic stress required 1o

Iiquefy a depositwhenm easured w ith penetraton resistance
This can be seen in the trggerng correlations whether fines
content (asused n theU. S) or chy fracton ( as used on
China) is the variable used The procedure for screen ng
out non— liquefable deposits tends to be the biggest d iffer-
ence n hemethods fran the wo countries The canmonly
called “Chinese Critera” ( Figure 2) was ntroduced follow-
ng the 1975 Haicang and 1976 Tangshan earthquakes
where there wasw idespread liquefacton of soilswith vaiy ing
fnes content and clay fractbon The “Chinese Criern” de-
fined the lquefactbn susceptb ility of soil based on the clay
fraction ( particle size < 0.005 mm), the water content
and the liqud linit The criteria stipulate that when a soil
has a clay fraction greater than 19 the soil is deem el clay-
ey and non— liquefidb k

Percent finer than 0.005 mm S %15
Liquid Limit (LL) S %35
Water content (w,) 2 0.9xLL

100

80
SAFE

60 1

Liquid Limit (LL)

TEST

0 20 40 60 80 100
Water content (w,)

Figure 2 The “Chinese Critera” aferWang (1979).
This was used in the U. S. to detem ine liquefaction
susceptbility until the hte 1990's It has since fallen

out of use in favor of crieria based on he P1 of
fhnes conent

The“ Chinese Criteria” was generally adopted and used
n thelU. S formany years as a reasonablem eans of identif-
ying non— ljuefiable chyey soils The Chinese Building
Code (CNS 2001) uses a slight varaton stpulating that if
clay fraction is higher thean 100, 13% and 16% for Chi-
nese Intensity 7 8 and 9 respectwely the soil & considered
non— liquefable [Note Chnese Intensity 7 through 9 is
approx inately equal to Modified M ercalli Intensity V1
though XT.

The 19% Northrdge (U. S ), 1999 Kocaeli (Tur
key), and 1999 ChiChi(Tai an) earthquakes proviled a
senificant ncrease in case history data on liquefacton of
soils w ith varying fnes content and clay fraction Careful a-
nalyss of hese case hstories called nto questbn he use of
clay fracton as am eans of detem n ng the liuefiability of a
Chu et al, 2008).

varbus recent stud es discussed bebw that a better ndicator

material (e g, It has been found n
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of liquefmbility is plasticity as m easured by the phstic n-
dex the liquid lin it m nus the plastic linit (PI= LL -
PL). Soilswith fines that exhibit little or no plastity re-
spond to seism © loading n am anner that is consistent w ith
“ clean” sand liquefacton  this is tem ed sand— lke behav-
pr Soils with fines that exhibit medum to high plasticity
respond to seismic loading n a manner that is consistent
w ith coheswve cyclic failurg this is temed clay— lke be-
havior

Chy— lke behavbr can result n soil failire and sub-
sequent ground debm atons smilar to lquefacton but the
phystsofthe soil response is different fran luefacton and
therefore requ ires different testng methods br predicting
this behav br ( Bou bnger and Idriss 2006). Whereas sand
— lke behav br and liquefactbn potential ism ore appropri-
ately tested n the field usng n sin penetratbn tests be-
cause disturhance effects are m nim ized by testing the soil n
phce chy — lke behavbr and cycle failure potential is
more appropriately tested n the lab because san ple disturh-
ance of coheswe soils is generally snall and hb testing pro-
videsm ore accurate m eans o fm easuring the soil response to
cyclic bading

Sam e recent recanm endations on susceptibility critera
br liquefable soils are presented In Figures3 4 and 5
are shown recanm endatons by Seed et al ( 2003),
bnger and Hdris (2006), and Bray and Sancio ( 2006).
Recanm endatns for a threshod betw een sand— lke beéhav-

Bou-

pr and clay— lke behavior range fran a PI of 7 to a PI of
12 The d sagreement arises due to the canplex response of
soils when fines are added and when the plasticity of these
fnes vary

As hese studies ndicate there is a fair anount of re-
search beng conducted both in the hb and n the feld to
better quantify how fines and plasticity influence liquefac-
ton The specifics are still debated but there appears to be
an en ergng consensus thai Pl is a good poxy forhow plas
teity can influence lijuefaction that there exsts a fines
content threshold above which a soil will behave lke the
fnes and not the coarser matrix soil and that a critern
based on clay fraction can ncorrectly label soils as non —

Ixuefiable when n fact they are susceptb k to liquefacton

3 Comparison of F ines Influenced Curves

If clay fracton is an inadequate ndicator of liquefac-
ton susceptibility, this makes the camparison of U. S and
Chna cuwes for varying fines content or clay fraction anbig-
uous Nonetheless a wugh conparison is made here to
den onstrate that usng clay fracton may be unconservative

Shownis a -comparison_of U, S triecering rvelatonsh ips wyith
] geerng ]
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Applicable for
I (8 FC220%ifPI> 12%
() FC235%ifPI<12%
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~}——Zoune B: Test if w.> 0.85(LL)

Pl (Plasticity Index)

|——Zoue A: Potentially Liquefiable
if w2 0.80(LL)
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LL (Liquid Limit)

0 10 20

Modified “Atterberg Limits” chart showing rec garding the
of soll types considered liquefiable, from Seed et al. (2003)

Figure 3 Modified “Atterberg Limits” chart showing
recommendations regarding the assessment of soil
types considered liquefiable, from Seed et al(2003)

e ——
Transsbon from sand-like
to clay-kike sod behavior
CRRuayme |
QNN
ANy
CRR an e in
Recommended guideline in
absence of detaded laboratory lesting
i | EESET GRS | SPRIPWI, (SR
] 2 kK 6 8 10
Plasticity Index, Pl
Sch 1l of the from sand-like to clay-like behavior for fine-

grained soils with increasing PI. and the recommended guideline for practice

Figure 4 Transition from sand - like to clay - like
behavior for fine — grained soils with increasing PI
from Boulanger and |driss (2006 )

50
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30 Non-liquefiable
Pl
20
o'm<100 kPa Test
101 (N)g<10 -
0 0.70<e<1.23 Liquefiable
0 02 04 06 08 1 1.2 14
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Figure 5 Susceptibility criteria as presented by Bray

and Sancio (2006) , for the mean effective effective

stress less than 100 kPa, the corrected stress less

than 100 kPa, the corrected blow count less than 10
and the void ratio between 0. 70 and 1. 23

ncreasng fines content and Ch nese triggerng relatbnships
w ith ncreasing clay fractbn Figure 6 campares detem n is-
t versus pobabilistt relationsh ps fran the U. S and how
ncreasing fines content results in progressve ncrease n cy-
(2001) shows a
greater spread n fines content triggering curves when can-
pared w ith Cetin et al (2004). This ismainly due to the
mpwoved database and reduced uncertanty thatwas afford ed

clic resistance of the soil Youd et al
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by the Cetin etal (2004) study UsngU. S methods the
first step of a liquefaction analysis & to detem ne if the soil
is susceptble to liquefactbn usig one of the screenng
methods discussed (F gures 3 4 or5), and then poceal
to a canparison of cyclic bad versus cyclic resistance usng
a correlatbn ( Figure 6). The prinary benefit of a probabi-
Istic (as opposed to detem inistic) approach is when a per-
form ance— based analysis is warranted

The nflience of chy fraction can be seen n the spread

of triggering curves as shown n Figure 7 The Chinese

Building Code ( CNS 2001) states that if clay fraction is

CRR Cyclic Resistance Ratio

N1.60::

= Youd et al 2001 - clean sand
— 15% fines content
— 35% fines content

higher than 100, 13, and 16% HrChinese Intensity 7,

8 and 9 respectively the layer is cnsidered non— liuefi-
able For conparson puposes a fixed clay fracton of 1%

was used n ths discussion whirh is consistent w ith the
“Chnese Critern” as itwas used n theU. S, and is con-
patblew ith the applicaton of the Chinese Building Code for
hiher ntensity events The curves for chy fracton less
than or equal to 3% and clay fraction equal to or greater
than 1% are shown for both the Chen Zhang Xe&
(1991) study and the transfomed Chinese Building Code

hih danand (CNS, 2001) reconm endatbns
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Figure 6 The left curves shows the influence of fines content as recommended by Youd et al (2001), the right
curves are those recommended by Cetin et al. (2004). The three curves on each plot show the threshold for
soils with FC <5% , FC =15%, and for FC(35%. The denominator is the “clean” sand corrected blow count
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Chen, Zhang, and Xie 1991 - 3% clay fraction
~ 15% clay fraction
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7 Chinese Bidg Code - high demand - 3% clay fraction
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Figure 7 The left curves show the influence of clay fraction as recommended by Chen, Zhang, and
Xie (1991), the right curves are those of the Chinese Building Code for high seismic demand ( CNS, 2001 )
as transformed to CRR boundary curves using a method similar to Chen, Hu, and Liu (2002). The two curves
on each plot show the threshold for soils with less than or equal to 3% clay fraction and for 15% or qreater

The range fram a clay fracton of 3% to 15% is large
n tems of the change pred cted in cyclic resistance H ow-

ever as it has been discussed the clay fraction & not the

controlling variable plasticity is which m akes the apparent
ncrease n cyclic resistance undefined 1If chyey— sand has
close to 15%

clay size fines of low phsticity using clay
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fraction as the prinary variable gives a by increase to the
cyclic resistance whereas using fnes content as the basis
If the
clay size fines are hen slightly over 15% then it is deem ed

woul give a camparatvely lower cyclic resistance

non— liquefiable by clay fracton but not by fines content
In both cases using clay fractbn can lead to unconservative
results Unconservative results shoull be avodded n engi-
neering situatons particularly when the consequences such

as post— liuefactbn defomations can be destmctive

4 Discussion of CPT— Based Analysis

The Cone Penetraton Test (CPT) has found favor n
the U. S and other parts of the world because the test pro-
duces relatively continuous penetration m easurem ents with
depth is highly repeatable and less prone to operator error
provides more rapid data acquisition than the SPT, and can
be accanpan ed by multiple sensors inchid ng the standard
sleeve fricton bad cell pore fluiid pressure ransducer and
acceleraneter for shear wave velocity n add iton to other
sensors ( Lunne et al 1997).
u. s

m easurements ( SCPTU ) to measure the penetration resist

It is conmon n the W estem
to perforn sedmic cone testing with pore pressure
ance (q,), sleeve fricton (), shearwave vebeity (V,),
and pore pressure (u) in each sounding The tp resistance
and sleeve m easurements are typically sanpled 1 or 5 an
with a2 an/sec push rate using a 10 an’ cone Pore pres
sure measuren ents are made at the same sampling rate and
can give a good indicatbn of the locatbn of the water table
An excess pore pressure d Bspation test can be perfomed n
whidh the advance of the cone is stopped until the pore pres
sures reaches hydrostatic levels gving an indicaton of the
pem eability of the soil The shear wave veloc ity m easure-
ments are typicallymade every 1 to 1.5m. The SCPTU pro-
viles a relatively can plete dataset n a near cont nuous m an-
ner that characterizes soil layerng high— and low - stran
soil response and pemeab ility of hdividual layers

TheU. S. standard— of- practe n usng he CPT
br lquefactbn triggering assessment was put forth by Ro-
bertson andW ride ( 1998) and can be found sunm arized
n Youd et al (2001). The recanm endatbns by Y oud et
al (2001) focus on usng the CPT br“ clean” sands be-
cause of uncertainty over how to best characterize the nflu-
ence of fines asmeasured by the CPT. M ore recent deter
m 1 Btic m ethods have been put forth that povide updates

on the standard - of- practice (e g, Idriss and Bou-

bnger 2006). TheU. S state— of- the— artm ethod can
be found inM oss etal (2006) wh ih presents the results
n a probab ilistic manner and addresses the influence of

fnes on CPI' m easuran ents and soil liquefihility in a con-

prehensvemanner Oanen et al (2010) found that there
is little d ifference n the m edian predictbn rate of the d iffer-
ent methods ( SPI' and CPT),

m ethods can be used for risk analysis and perfom ance -

how ever only probabilstic

based engneerng as well as provide a bound on the uncer
tainty of the liquefaction phenam enon

In China d ifferent types of cones have been used sice
the initial developm ent of CPT 1 the 1930's Starting i the
late 1960's China devebped different cone equipm ent
standards and procedures than the U. S and Euwpe In
general if a “ double bridge” ( tp and sleeve equipped)
Chinese cone B used folbw ng standardized nternatonal
procedures there appears to be little difference in m easure-
ments than thosem ade with aU. S /European cone ( Lui et
al, 2010). Therefore there appear to be no con patb ility
issues when ushng U. S /European derwved correlatons or
CPT - based desgn methodsw ith Chinese cones

Recent studies have been using SCPTU equpment n
varbus locations around China An example is the recent
collaborative sudy foaised on reacquirng CPI' data at sites
thatw ere i pacted by the 1976 T angshan Earthquake (M oss
et al 2009 Moss etal 2011). Thi collaboratbn provides
a brige beween themethods used in theU. S and Chna
and for amore canprehenswe assessnent of n siw soil con-
ditions Figure 8 shows 1978 /1979 SPT' and CPT m easure-
ments at a site that liquefied during the 1976 Tangshan
earthquake (Zhou and Zhang 1979) with the liquefied lay-
er denoted by a dotted lne Fiure 9 shows the 2007 CPT
m easurements at the same site that inchide tiy sleeve pore
pressure ( not shown), and shear wave velocity Again the
Iiquefied layer is denoted by a dotted line The 1977 /1978
CPT sound ngs only measured tp (“ single brdge” type
cone) and it can be seen show less sensitivity to changes n
penetration resBtance bew een soil hyers

Ultimately he goal is to find the best most relable

Figure 8 The 1978/1979 investpaton ( from M oss
etal 2011, aferZhou and Zhang 1979) was
perfom ed using SPT, “ singk bridge” CPT, and

soil sampleswere retreved forwatkercontent
and grain size dis tribution analysis
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qc (MPa) fs (kPa) R (%) Vs (ms)

Depth (m)

Figure 9 The 2007 investigationw as peromed
usihg CPT with tip (q,), sleve ( ), pore pressure

(u notshown), and shearwave velociy (Vg)
fom Moss etal (2011)

methods Pr asessing the poential for liquefaction  In most
projects the authors have found that canbining CPT with
SPT provides a canprehensive assessnent of subsurface con-
ditions The CPT measures a near continuous profile of ti

sleeve and pore pressure for use with a triggering correla-
ton The Vs measurem ents provide confidence n this as
sessn ent by using shearwave velocity based triggerng corre
htions and for use in site response analysis The SPT can
then be used to target particular layers for san pling and hb
testing The SPT blow counts can provide a hid check with
respect to triggering correlations and the grain size analysis

A tterberg lm ity and fines content will provide “ ground
tmthing” to the CPT - based results Inmost amall tomedi-
um sized pwjects this can be accanplished n 1 to 2 days of

h situ testing at a reasonable cost
5 Summ ary and R ecanmendations

This paper canpares liquefaction triggerng m ethods
used n the Chna and the U. S For “ clean” sands it has
been shown that there are only lin ited differences between
the Standard Penetraton Test ( SPT)

thresho s used in the wo countries This genem! agreem ent

based trigering

“clean” sandswill

provides consensus for detem n ngwhen
orw ill not liquefy given a specific level of cyclic bading
W here the m ethod s differ iswhere a pw ject shouldm ove be-
yond assessing triggering and tow ards a perfom ance— based
assessn ent of potential defom atons and the consequences of
those defomations

W hen however fnesare present n sandy soil there is
disagreement between methods used n the wo countries
TheU. S methods exan ne how fines content (particle size
< 0.075 mm) nfliences the liquefability of a soil and
soils are dean ed non— liquefiable based prinarily on the P1
(plastic. ndex) . of the fines /' The exact magn itude of PI is

an ongoing point of contenton between researchers but it is
generally agreed hat Pl is a contwo lling variable The Chi-
nesemethods exan ne how chy fraction ( partick size <
0.005 mm) nflences the liuefiability of a soil and soils
are deemed non - lquefiable if the chy fractbn exceeds
roughly 1% . Recent earthquakes have pwoduced a spate of
Ijjuefaction case h stories that conflictw ih the clay fracton
criteria This calls nto questbn the use of the “Chnese
Criteria” and clay fraction as a controlling variable An ab-
breviated d scussion of them echan s of liquefacton with re-
spect to fines has been presented Given the current inbr
maton it is beleved hat clay fraction is a poor ndicator of a
soil's susceptb ility to liquefaction and may result n uncon-
servative results for clayey sands with a bw plastic clay frac-
ton

Therefore it & reconmended that Pl of the fmes be
used n the screening criteri and not clay fraction The
“ clean” sand triggerng curves are reasonable for all the
methods presented and provie confilence br detemn nng
the lquefactbn potential for prinarily granular soils For
soils wih increasing fnes he detem n stic and /or probabi-
Istcmethods fran theU. S are recanm end ed

The Cone Penetration Test (CPT) is canm only used n
theU. S.,

that there are no substantial differences betwveen “ double

less so n China Comparatve suud s ndicate

brilge” cones typically used n China and the electric cone
used n theU. S and Europe The near continuous readings
and nsstent resulis of the CPT aswell as the benefit of
canbnng it w ith pore pressure and shear wave velocity
m easurements ( SCPTU) makes his test very useful for lg-
uefacton studies It is reconm ended hat the CPT be used
more frequently for lijuefaction studies in China n conjunc-
tonw ith existingU. S triggerng correlatons A canbned
nvestigation using the SPI' and CPT provides the most con -
prehensve assessnent of n situ conditbns and can result n
the best assessment of lijuefaction triggering for mitating

this seigm ic hazard
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